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(54) Reference voltage generator lor an integrated circuit such as a dynamic 
memory (DRAAA) 



random access 



(57) A reference voltage generator includes a volt- 
age divider connected to a voltage supply atKl a feed- 
back buffer amplifier. The divider supplies at least one 
voltage output signal to the feedback buffer amplifier 
under control of a feedback control signal supplied by 
the feedback buffer amplifier. The reference voltage 
generator may include a delay element coupled 
between the voltage divider and the feedback txjffer 
amplifier in-line with the feedback control signal and a 



low impedance output buffer that receives the voltage 
output signal from the voltage divider and supplies the 
reference voltage at an output node The reference volt- 
age may t>e supplied to the reference plates of bit stor- 
age capacitors within the memory cells. The storage 
capacitors can be protected by including a clamping cir- 
cuit that maintair« the output node at a voltage fc>etween 
the voltages of the two voHage supply terminals. 
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Description 

[0001] The present invention relates in general to 
integrated circuits and in particular to a reference volt- 
age supply for an integrated circuit. Still more particu- s 
larly. the present invention relates to a low impedance, 
low power reference voltage supply for an integrated cir- 
cuit, such as a dynannic random access memory 
(DRAM), having high immunity to noise coupling. 
[0002] A conventional dynamic random access io 
memory (DRAM) includes an array of memory cells In 
which each memory cell includes a pass transistor and 
a capacitor. The capacitor functions as a memory ele- 
ment, with the presence of a charge on the capacitor 
representing a binary one and the al3sence of a charge is 
representing a binary zero, for example. Data bits are 
read from and written to Individual memory cells via 
word (row) and bit (column) lines connected to the pass 
transistors. 

[0003] In a typical DRAM implementation, the refer- 20 
ence plates of the menfX)ry cell capacitors are pre- 
charged to a voltage intermediate the supply voltage 
and ground. For example, U.S. Patent No. 5,255,232 to 
Foss et al. discloses tiiat the reference plates of storage 
capacitors are precharged to half of the supply voltage 2s 
in order to reduce voltage stress on the thin capacitor 
dielectrics. When precliarging the reference plates of 
the capacitors, it is important thiat the plate reference 
voltage be immune to noise coupling so that noise does 
not couple through the storage capacitors and turn on 30 
the associated pass transistors, resulting in the loss of 
the data bits stored by the capacitors. 
[0004] The present invention improves the immu- 
nity of a low impedance, low power reference voltage 
generator to noise coupling through the use of feedbad^ as 
conti-ol. In accordance with the present invention, a ref- 
erence voltage generator, which may be utilized in an 
integrated circuit such as a dynamic random access 
memory (DRAM), Includes a voltage divider connected 
to a voltage supply and a feedbadc buffer amplifier. The 4o 
voltage divider, which determines the reference voltage, 
supplies at least one voltage output signal to the feed- 
back buffer amplifier under control of a feedback control 
signal supplied by the feedback buffer amplifier. In at 
least one embodiment, the reference voltage generator 4s 
further includes a delay element coupled between the 
voltage divider and the feedback buffer amplifier inline 
with the feedback control signal and a low impedance 
output txiffer that receives the voltage output signal 
from the voltage divider and supplies the reference volt- so 
age at an output node. When the reference voltage gen- 
erator is implemented within a dynamic rarKtom access 
memory, the reference voltage is supplied to the refer- 
ence plates of bit storage capacitors within the memory 
cells. The dielecfrics of tiie bit storage capacitors can be ss 
further protected by including a clamping circuit witNn 
the reference voltage generator that maintains the out- 
put node at a voltage between the voltages of the two 



voltage supply terminals. 

[0005] All objects, features, and advantages of the 
present invention will become apparent in the following 
detailed written description. 

[0006] The novel features believed characteristic of 
ttie invention are set forth in the appended claims. The 
invention itself however, as well as a preferred mode of 
use. further objects and advantages tiiereof. will best be 
understood by reference to the following detailed 
description of an illustrative emtxxjiment when read in 
conjunction with ttie accompanying drawings, wherein: 

Rgure 1 is a high level block diagram of a dynamic 
random access memory (DRAM) with which a ref- 
erence voltage generator in accordance with the 
present invention may advantageously be utilized; 

Rgure 2A depicts a voltage divider within an illus- 
t-ative embodiment of a reference voltage genera- 
tor in accordance with the present invention: 

Rgure 2B illustrates a feedback buffer anplifier 
within an illustrative emtxxJiment of a reference 
voltage generator in accordance with the preserrt 
inventkMi; 

Hgure 2C depicts an output buffer within an illus- 
trative embodiment of a reference voltage genera- 
tor in accordance with the present invention; and 

Rgure 2D illustrates a clanrping circuit wittiin an 
illustrative embodiment of a reference voltage gen- 
erator in accordance with the present invention. 

[0007] With reference now to the figures and in par- 
ticular witii reference to Rgure 1, there is illustrated a 
high level t^lock diagram of a dynamic random access 
memory (DRAM) with which a reference voltage gener- 
ator in accordance with the present invention may 
advantageously be utilized. DRAM 10 comprises a 
number of memory eubarrays 12a-12n, which are each 
connected to a reference voltage generator 14 tiy a ref- 
erence voltage signal Vf^^p As shown, menrxMy subar- 
re^ 12a, which is illustrative of the construction of the 
remainder of memory subarrays 12, includes a nunr4>er 
of menx>ry cells 1 6 that each contain a capacitor 18 and 
a pass transistor 2a As is conventional, each capacitor 
18 has a reference plate that is connected to reference 
voltage signal Vref and a second plate that is con- 
nected to the source of the associated pass transistor 
20. Each pass transistor 20 furttier includes a drain con- 
nected to a bit line (e.g.. bi). and a gate connected a 
word line (e.g.. Wj). CapacitOTS 18 function as memory 
elements, with the presence of a charge on a capacitor 
18 representing a binary one and the absence of a 
charge representing a binary zero, fOr example. Data 
bits are read from and written to individual memory cells 
16 by asserting an appropriate word line (W{. wj. etc.) 
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and by sensing or driving the appropriate oomplemen- 
tary bit line pair (e.g., b] and Wlien pertorming a 
read access, data bits read out onto a complementary 
bit line pair are sensed and amplified to full rail voltage 
by a sense amplifier 22 and then output on oorrplemen- 5 
tary data bit lauses D and iO. 

10008] As indicated in Rgure 2A, Figures 2A-2D 
together form a circuit schematic of an iiiustrative 
enfi)odiment of a reference voltage generator 14 in 
accordance with the present invention. The illustrative 10 
embodiment of reference voltage generator 14 includes 
the following five subcircuits: the voltage divider and a 
delay element shown in Figure 2A, the feedback buffer 
amplifier illustrated in Figure 2B, the output buffer 
depicted in Rgure 2C, and the damping circuit given in is 
Rgure 2D. 

[0009] Refen-ing first to Rgure 2A, the voltage 
divider includes a number of transistors M4-M9, which 
in a typical integrated circuit embodiment are inrpte- 
mented as iSietal-Qxide-Semiconductor Reld Effect 20 
Transistors (MOSFETs). As shown, transistors M4-M9, 
of which transistors M5, M8 and M9 are P-type and tran- 
sistors MM, M8 arx^ M7 are N-type. are connected in 
series between power supply voltage Vqd and ground. 
N-type transistor M7 has a gate input connected to a 25 
power-on (pwoh) signal 30, and P-type transistor M9 
has a gate input connected to the complemented 
power-on (pwonc) signal 32 generated by inverter II. As 
a result, transistors M7 and M9 are switched off when 
memory arrays 12 are placed in sleep mode and 30 
switched on when memory arrays 12 are in active 
mode. 

[0010] As shown, transistor IMS is connected to 
transistor M4 at node A, which is also connected to the 
gate input of transistor M4 and supplies N-drlve (ndrv) ss 
output signal 36. Similarly, transistor M6 is connected to 
transistor MS at node B, which is also connected to the 
gate input of transistor MS and supplies P drive (pdrv) 
output signal 38. Transistors M4 and MS are connected 
at node C. which is also connected to the substrate of 40 
transistor MS. The reference voltage Vrep which is 
determined by the relative sizes of transistors M6 and 
M8, is developed at node C when power-on (pwon) sig- 
nal 30 is active. In a typical application. Vp^p is half of 
Vqq; however, by appropriate design of the sizes of 45 
transistors M6 and M8, Vref may vary approximately 
0.5 V from Vdp/2 for power supply voltages of 3.0 V to 
3.6 V. 

[0011] As further illustrated in Figure 2A, the gates 
of transistors M8 and MS are both connected to a feed- so 
back (fdbk) control signal 34 received from the feedback 
buffer amplifier depicted in Rgure 28. Feedback control 
signal 34 is delayed by a delay element such as transis- 
tor Ml 2, in order to prevent instability in the feedback 
loop. Although a P-type transistor is preferred, alterna- ss 
five embodiments of the present invention may imple- 
ment the delay element with an N-type transistor having 
Its gate tied to Voq or a resistor having an impedance of 



150 kQ or greater. 

[0012] With reference now to Rgure 28, there is 
illustrated a feedback buffer amplifier within an illustra- 
tive emkxxliment of reference voltage generator 14. The 
feedback buffer amplifier includes an N-type transistor 
MO and a P-type transistor Ml connected in series 
between Vqo and ground. The gates of transistor MO 
and Ml are connected to N-drive and P-drive output sig- 
nals 36 and 38, respectively Transistors MO and Ml are 
connected at node D, which is also connected to the 
sut>strate of transistor Ml and supplies feedback control 
signal 34 to the delay element. In order to ensure a 
quick response to the final steady state voltages of out- 
put signals 36 and 38 following power-on, transistors 
MO and Ml have small sizes, and node D is lightly 
loaded. 

[001 3] The buffer amplifier shown in Figure 28 fur- 
ther includes an N-type transistor M10 connected to N- 
drive (ndrv) output signal 36 and a P-type transistor 
Mil connected to P-drive (pdrv) output signal 38. Tran- 
sistors M10 and Mil turn off the gate drive voltages of 
transistors MO and Ml when DRAM 10 is placed into 
sleep nrxxle. 

[0014] Referring now to Rgure 2C, there is 
depicted a low impedance output buffer within an illus- 
trative embodiment of a reference voltage generator 14. 
Reference voltage generator 14 includes one such out- 
put buffer for each respective memory subarray 12. As 
shown, the output buffer includes an N-type transistor 
M2 connected between Vqq and node E and a P-type 
transistor M3 connected in series with transistor M2 
between node E and ground. As indk»ted, rxxle E is 
further connected to the substrate of transistor M3 and 
may optionally be connected Id a capacitor CI to pro- 
vkle additional output stability. In order to achieve lower 
inpedance and provide larger current capacity, transis- 
tors M2 and M3 are preferat)ty large devices that are 
each sized with the same ratio with respect to an asso- 
ciated one of transistors MO and Ml. For example, if 
transistors MO and Ml have length-to-width ratios of 
8.0A).8 ^m and 12.0/0.8 pm, respectively, transistors 
M2 and M3 may be four times as large, having length- 
to-width ratios of 32.0/0.8 )isr\ arxl 48.0/0.8 iim, respec- 
tively. 

[0015] With reference now to Rgure 2D, there is 
illustrated a clamping circuit within an illustrative 
embodiment of reference voltage generator 14 that 
serves to maintain each Vref output of reference volt- 
age generator 14 at a voltage between Vod arxl ground 
(e.g., between 1 .3 and 1 .7 V) when DRAM 1 0 is in sleep 
mode. Thus, reference voltage generator 14 pr6ferak3ly 
includes one such clamping ciroDt for each respective 
memory subeuray 12 of DRAM 10. 
[001 6] As depicted, the exemplary embodiment of a 
clamping circuit includes four N-type transistors (Ml 4, 
MIS, Ml 7 and Ml 9) and three P-type transistors (Ml 3, 
Ml 6, and Ml 8) connected in series between Vqq and 
ground. Each of transistors Ml 3-M19 is itself connected 
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is a diode configuration, that is. with its gate oonnected 
to its source, and each of P-type transistors Ml 3, Ml 6, 
and M18 also has a substrate connection to its drain. 
The voltage at which Vref is maintained ty the clamp- 
ing circuit is determined by the sizes of transistors Ml 3- 5 
MIS, which in a preferred emtxxJIment are all the same. 
By damping Vpf^p at a voltage intermediate Vqq and 
ground when DRAfy/l 1 Gis placed in sleep mode, the thin 
dielectric layer (e.g.. Si02) of capacitors 1 8 within mem- 3. 
ory sut^arrays 12 are prevented from rupturing as a w 
result of a voltage spike. 

[0017] As been described, the present invention 
provides an improved reference voHage generator that 
may advantageously be utilized within an integrated cir- 
cuit such as a DRAM. In the illustrative embodiment, the is 
reference voltage generator indudes several subdr- 
cutts, including a low-power voltage divider, a feedback 
delay element, a feedback buffer amplifier, a low imped- 
ance output buffer, and a protective clamping circuit. By 
introducing feedback control into the voltage divider, the 20 
present invention improves the immunity of the output 
reference voltage to noise in the power supply, while 
providing a quick response in response to pcwer-on. 
The reference voltage generator has the further advan- 
tages of having a low-impedance output txjffer that per- 25 
m'rts rapid charging of the reference plate of the merrxsry 
array capadtors and a clamping drcuit that protects the 
integrity of the capacitor dielectric during switching 
events. 

[0018] While the invention has been particularly 30 
shown and described with refererx;e to an illustrative 
errt>odiment. it wilt be understood those skilied in the 
art that various changes in form and detail may be made 
therein without departing from the spirit and scope of 4. 
the invention. 3S 

Claims 

1. A reference voltage generator, comprising: 

40 

a voHage divider, connected to a voltage sup- 
ply, that determines a reference voltage, 
wherein said voltage divider supplies at least 
one voltage output signal under control of a 
feedback control signal; and 45 5. 

a feedback txiffer amplifier coupled to said volt- 
age divider that receives said at least one volt- 
age output and supplies said feedback control 
signal to sakt voltage divider. so 

2. A dynamic random access nnemory, comprising: 

a reference voKage generator as recited in 
Claim 1; and ss 

6. 

a memory array coupled to said reference volt- 
age generator, wherein said memory array 



indudes a plurality of bit storage capacitors 
and at least one bit line for accessing saki plu- 
rality of bit storage capacitors, and wherein 
each of sakl plurality of bit storage capadtors 
has a reference plate to which saki reference 
voltage is supplied by sakJ reference voltage 
generator. 

A dynamic random access memory, comprising: 

a reference voltage generator, induding: 

a voltage divider, connected to a voltage 
supply, that determines a reference volt- 
age, wherein said voltage divider supplies 
at least one voltage output signal under 
control of a feedback control signal; 
a feedback buffer amplifier coupled to said 
voltage divider that receives said at least 
one voltage output and supplies said feed- 
back control signal to said voltage divider: 
and 

a memory anray coupled to said reference volt- 
age generator, wherein said memory array 
indudes a plurality of bit storage capacitors 
and at least one bit line for accessing said plu- 
rality of bit storage capacitors, and wherein 
each of said plurality of bit storage capacitors 
indudes a reference plate to which said refer- 
ence voltage is supplied by said reference volt- 
age generator. 

The generator of daim 1 or the dynamic random 
access memory of claim 3, said voltage supply hav- 
ing first and second voltage supply terminals, 
wherein saki voltage divider further comprises a 
plurality of transistors series connected between 
said first and second voltage supply terminals, each 
of said plurality of transistors having a respective 
control input, said feedt>ack contrd signal being 
connected to control inputs of at least two of said 
plurality of transistors. 

The generator or dynamic random access memory 
of Claim 4. said plurality of transistors induding at 
least first, second, third, and fourth transistors, 
wherein said first transistor is coupled between said 
first voltage supply terminal and said second tran- 
sistor and said fourth transistor is coupled between 
sakj second voltage siqaply terminal and said third 
transistor, and wherein said feedback control signal 
is conrtected to a control input of each of saad first 
transistor and saki fourth transistor. 

The generator or dynamic random access memory 
of Claim 5. wherein said first transistor and saki 
second transistor are coupled at a first node and 



4 



7 



EP 1 031 990 A2 



8 



said third transistor and said fourth transistor are 
coupled at a second node, wherein said at least 
one voltage output signal includes a first voltage 
output signal connected to said first node and a 
seoorxi voltage output signal connected to said s 
second node. 

7. The generator of daim 1 or the dynamic random 
access memory of claim 3, and further comprising 

a delay element coupled between said voltage io 
divider and said feedback buffer amplifier in-line 
with said feedback control signal. 

8. The generator of claim 1 or the dynamic random 
access memory of claim 3. and further comprising is 
an output buffer, coupled to said voltage divider, 
that receives said at least one voltage output signal 
and supplies said reference voltage at an output 
node. 

20 

9. The generator or the dynamic rarxjom access 
memory of Claim 8. wherein said output buffer has 
a low inpedance relative to said feedback buffer 
amplifier. 

2S 

10. The generator or the dynamic rarvJom access 
memory of Claim 8, said output buffer including a 
plurality of transistors connected in series, wherein 
said output node is a connection point of two of said 
plurality of transistors. ao 

11. A dynamic random access memory, comprising: 



accessing said plurality of bit storage capaci- 
tors, wherein each of said plurality of bit stor- 
age capacitors has a reference plate coupled 
to said output node of said output buffer. 

12. The generator or dynamic random access mennry 
of Claims 8 or1 1 . said voltage supply including first 
voltage supply terminal and a second voltage s^p- 
ply terminal, said reference voltage generator fur- 
ther comprising: 

a damping circuit coupled to said output node 
and to said voltage supply, wherein said damp- 
ing circuit maintains said output node at a volt- 
age between voltages of said first and second 
voltage supply terminals. 



a reference voltage generator, induding: 

3S 

a voltage divider, oonneded to a voltage 
supply, that determines a reference volt- 
age, wherein said voltage divider supplies 
at least one voltage output signal under 
control of a feedback control signal; 40 

a feedback t^er amplifier coupled to said 
voltage divider that receives said at least 
one voltage output and supplies said feed- 
back control signal to said voltage divider; 4s 

a delay element coupled between said 
voltage divider and said feedt>ack buffer 
amplifier in-line with said feedback control 
signal: so 

an output buffer, coupled to said voltage 
divider, that receives sakl at least one volt- 
age output signal and supplies saU refer- 
ence voltage at an output node; and ss 

a memory array induding a plurality of bit stor- 
age capacitors and at least one bit line for 
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(54) Reference voltage generator for an integrated circuit such as a ctynamic random access 
memory (DRAIM) 

(57) A reference voltage generator includes a volt- 
age divider connected to a voltage supply and a feed- 
back buffer amplifier. The divider supplies at least one 
voltage output signal to the feedback buffer amplifier 
under control of a feedback control signal supplied by 
the feedback buffer amplifier. The reference voltage 
generator may include a delay element coupled 
between the voltage divider arvJ the feedback buffer 
amplifier in-line with the feedback control signal and a 
low impedance output buffer that receives the voltage 
output signal from the voltage divkier and supplies the 
reference voltage at an output node. The reference volt- 
age may be supplied to the reference plates of bit stor- 
age capacitors within the memory cells. The storage 
capacitors can t^e protected by including a clamping cir- 
cuit that maintains the output node at a voltage between 
the voltages of the two voltage supply terminals. 



M8 



4. 



i 

CO 



UJ 



PrfnMd by XaiOK (UIQ Busfewas Serviora 
2.16.7 (HRS}a.6 



EP 1 031 990 A3 




EUROPEAN SEARCH REPORT 



EP 00 30 1259 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indcotion, where appropriate, 
of relevant peaaagea 



Relevant 
to daim 



CLASSIFICATION OF THE 
APPUCATIOW (iHtCl.T) 



Y 
A 



US 5 847 597 A (KOMIYA YUICHIRO ET AL) 
8 December 1998 (1998-12-08) 
* figure 5 * 



US 5 212 440 A (WALLER WILLIAM K) 
18 May 1993 (1993-05-18) 

* figure 4 * 

US 5 751 639 A (OHSAWA TAKASHI) 
12 May 1998 (1998-05-12) 

* figure 7 * 

PATENT ABSTRACTS OF JAPAN 

vol. 1998. no. 09, 

31 July 1998 (1998-07-31) 

& JP 10 092199 A (SAMSUNG ELECTRON CO 

LTD), 10 April 1998 (1998-04-10) 

* abstract * 



1.4-6, 
8-10 

12 
11 

1.4-6 



1-3 



US 4 438 346 A (CHUANG PATRICK T 
20 March 1984 (1984-03-20) 
* figures 1.5,7 * 



ET AL) 



12 



12 



The pmonk March raporl hat town drawn up for al daimt 



611C11/409 

G11C7/14 

G11C5/14 

G05F1/46 

GllCll/407 



SEARCHED (InLCLT) 



GllC 
GOSF 



THE HAGUE 



27 July 2000 



Vidal Verdu. J. 



CATEGORY OF CrTED OOCUMENTS 




T t ttMory or pffnelpto undtntjfinQ the kwenlfoii 



2 



EP 1 031 990 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPUCATION NO. 



EP 69 30 1259 



This 
Thei 



s the patent family members relating to the patent documents cited in the afexsve-mentioned European search report, 
are as oontained in the European Patent Office EDP file on 

Patent Office b in no way liable tar these particulars whieh are merely given for 0w purpose of information. 

27-07-2000 



US 5847597 



US 5212440 A 
US 5751639 A 



JP 10692199 A 



o 

111 For mot 



68-12-1998 



JP 
KR 



8171432 A 
187804 B 



18-05-1993 
12-05-1998 



NONE 



JP 
US 
US 



8195081 A 
5854768 A 
5933383 A 



10-04-1998 



KR 
DE 
GB 
US 



200926 B 
19724277 A 
2316751 A.B 
5946242 A 



US 4438346 A 20-03-1984 



NONE 



idetaas about this annex : see Oftieial Journal ofthe European PatwH Oflioe. No. 12/82 



02-07-1996 
01-06-1999 



30-07-1996 
29-12-1998 
03-08-1999 



15-06-1999 
12-03-1998 
04-03-1998 
31-08-1999 



